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■Abstract.  We  developed  three  types  of  covers  that  are  easily  fabricated  from  plastic 
screen  locally  manufactured  in  Thailand.  The  covers  were  designed  to  permit  normal  use 
of  water  jars  for  drinking,  utility  water  uses,  and  water  storage.  Tests  of  the  covers  in  the 
laboratory  and  field  demonstrated  that  they  could  completely  prevent  successful  devel¬ 
opment  ofAedes  aegyptUX.)  in  water  jars.  Initial  experience  in  a  village  setting  demonstrated 
that  these  devices  were  readily  manufactured  and  used  in  a  community-based  program. 
Village  residents  adapted  the  covers  to  local  patterns  of  water  use,  collecting  rainwater 
through  the  screen  and  adjusting  co\  er  use  to  water  depth. 


Dengue  virus  infection  is  prevalent  in  Thai¬ 
land.  In  1990  alone,  1  11,897  cases  of  dengue 
hemorrhagic  fever  (DHF)  were  reported  through 
the  public  health  system.'  Since  DHF  accounts 
for  only  about  7%  of  all  dengue  virus  infections,- 
cases  of  DHF  in  1990  probably  indicated  more 
than  one  million  dengue  virus  infections.  Ihe 
vector  responsible  for  most  of  this  transmission 
in  Thailand  \sAedes  aegypti  (L.),’  which  typically 
develops  in  domestic  water  containers. 

Rural  Thai  residents  use  water  containers  ex¬ 
tensively  in  their  homes,  placing  them  in  a  num¬ 
ber  of  locations,  according  to  convenience  of  wa¬ 
ter  use.  Water  use  can  be  classified  into  three 
broad  categories:  drinking,  utility,  and  storage. 
Drinking  water  is  usually  the  cleanest  water  in 
the  house,  and  may  also  be  used  for  food  prep¬ 
aration.  Utility  uses  include  washing  (bathing, 
laundry,  dishes,  feet,  hands),  watering  plants,  wa¬ 
ter  for  animals,  flushing  toilets,  etc.  Storage  is 
usually  for  a  long  period  to  assure  adequate 
drinking  water  for  the  dry  season.  Water  jars 
(hand-thrown,  roughly  glazed  ceramic  containers 
with  1 35-200-liter  capacity)  are  commonly  used 
for  all  three  categories  of  water  use.  Such  jars 
have  long  been  recognized  as  an  important  hab¬ 
itat  for  Ae.  aegypti.*-*' 

This  paper  describes  the  fabrication  and  effec¬ 
tiveness  of  three  tyjjes  of  covers  that  prevent  the 
successful  development  of  Ae.  aegypti  in  water 
jars.  The  three  typies  of  covers  correspond  to  the 
three  categories  of  water  use  in  rural  Thai  house¬ 
holds.  Initial  experience  demonstrated  that  local 
villagers  could  implement  the  use  of  the  devices 


in  an  integrated,  community-based  control  pro¬ 
gram. 

MATERIALS  AND  METHODS 

Descriptions  of  the  covers 

The  basic  material  for  all  of  the  covers  was  a 
blue  plastic  screen,  which  is  used  throughout 
Thailand  for  a  wide  variety  of  purposes.  The 
screen  is  manufactured  by  a  number  of  compa¬ 
nies  (e.g.,  Thai  Plastic  Products  Co.,  Bangkok. 
Thailand)  and  sold  at  a  retail  price  of  about  $0.48 
m-.  The  finest  mesh  available  (9x11  mesh 'cm; 
24  X  27  mesh/in)  was  necessary  to  block  move¬ 
ment  of  adult  Ae.  aegypti. 

Fabrication  of  the  covers  can  be  accomplished 
in  a  village  setting,  sewing  by  hand  or  on  sewing 
machines.  In  the  descriptions  below,  some  mea¬ 
surements  are  provided  in  terms  of  the  exact  size 
of  the  water  jar  to  be  covered.  Such  measure¬ 
ments  would  be  useful  for  a  small  number  of 
containers,  but  in  practice  the  covers  can  be  pro¬ 
duced  in  a  few  size  classes  that  will  fit  most  water 
jars  in  a  community. 

The  cap  cover  (Figure  1 )  was  designed  for  cov¬ 
ering  water  jars  used  for  long-term  storage.  The 
cover  is  a  disk  of  screen  with  a  band  of  elastic 
sewn  into  a  circumference  hem  of  square-weave, 
cotton  cloth.  The  finished  cover  resembles  a  large 
shower  cap  and  is  easily  secured  over  the  lip  of 
ajar.  To  construct  the  cover,  a  disk  of  screen  is 
cut  with  diameter  equal  to  the  distance  across 
the  top  of  the  jar,  from  the  base  of  the  jar  lip  to 
the  base  of  the  lip  on  the  opposite  side  plus  1 
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cm  (Figure  la).  Next,  2-cm  wide  strips  of  cotton 
cloth  are  cut  diagonally  to  the  weave  (Figure  1  b). 
The  orientation  of  the  cut  is  important  so  that 
the  strip  can  be  shaped  around  the  circumference 
of  the  screen  disk.  Strips  are  sewn  together  in 
diagonal  joins  (Figure  Ic)  to  make  a  strip  as  long 
as  the  circumference  of  the  screen  disk  (Figure 
Id).  Elastic  (6-mm  wide)  is  cut  10  cm  longer  than 
half  the  distance  of  the  circumference  (Figure  le). 
The  next  step  is  to  sew  the  elastic  band  into  a 
hem  around  the  disk.  The  elastic  is  sewn  into  the 
hem  without  stitching  the  elastic  down  at  any 
point  (Figure  1 0.  A  small  excess  of  elastic  must 
be  used  so  that  elastic  protrudes  from  both  ends 
of  the  completed  hem  (Figure  Ig).  The  excess 
end  of  the  elastic  is  pulled  from  the  end  of  the 
hem  while  holding  the  opposite  end  of  the  elastic 
in  place.  In  this  way,  the  edges  of  the  screen  disk 
are  gathered  together  and  the  cover  assumes  a 
shower-cap  shape.  The  ends  of  the  elastic  are 
sewn  together  (Figure  Ih)  so  that  the  length  of 
unstretched  elastic  is  approximately  half  the  cir¬ 
cumference  of  the  screen  disk.  The  final  step  is 
to  sew  together  the  open  ends  of  the  hem. 

The  flap  cover  (Figure  2)  was  designed  to  allow 
access  to  clean  water  in  the  jars.  This  cover  is 
similar  to  the  cap  cover,  but  with  a  hole  cut  in 
the  top  and  a  screen  flap  placed  over  the  hole. 
Since  local  people  typically  use  a  flat-bottomed 
bowl  to  dip  out  drinking  water,  the  hole  should 
be  wide  enough  to  allow  the  bowl  and  a  person’s 
hand  to  enter  (usually  1 5-20  cm).  In  use,  the  flap 
is  held  securely  in  place  either  by  a  water  bowl 
or  by  a  commercial  aluminum  water-jar  lid.  To 
get  water,  the  user  lifts  off  the  bowl  or  lid,  raises 
the  flap,  and  dips  out  water,  being  careful  to  re¬ 
place  the  flap  on  top  of  the  cover  rather  than 
pushing  it  into  the  jar.  Construction  of  the  flap 
cover  is  similar  to  construction  of  the  cap  cover, 
with  the  hole  and  flap  constructed  before  hem¬ 
ming  elastic  around  the  screen  disk.  The  hole  is 
cut  slightly  wider  than  a  water  bowl  (Figure  2a). 
The  flap  should  be  cut  3  cm  wider  in  diameter 
(Figure  2b)  than  the  hole  to  allow  overlap.  The 
circumference  of  the  hole  (Figure  2c)  is  simply 
stitched  to  prevent  the  screen  from  unraveling 
at  the  edge.  The  flap  is  hemmed  (Figure  2d)  with 
1.5  cm-wide  bands  of  cotton  cloth,  cut  diago¬ 
nally  to  the  weave.  To  form  a  hinge,  the  flap  is 
sewn  along  3  cm  of  its  circumference  to  the  side 
of  the  hole  (Figure  2e),  centering  the  flap  over 
the  hole. 

The  bag  cover  (Figure  3)  is  designed  to  be  used 


with  utility  water  that  is  not  consumed  by  hu¬ 
mans  because  it  involves  placing  screen  directly 
in  the  water.  The  bag  has  the  advantage  for  utility 
uses  of  allowing  free  access,  so  that  water  may 
be  liberally  scoopied  out  according  to  typical  wa¬ 
ter  use.  This  cover  consists  of  a  bag  of  screen 
inserted  into  the  jar  and  secured  around  the  jar 
lip  by  a  string.  At  night  or  when  not  in  use,  the 
bag  is  reversed  or  everted  so  that  any  larvae  that 
had  been  inside  the  bag  are  killed  by  drying.  Such 
frequent  drying  also  prevents  algal  growth  on  the 
screen.  Larvae  that  pass  through  the  screen  into 
the  space  between  the  bag  and  the  wall  of  the  jar 
may  develop  to  adults,  but  the  adults  are  unable 
to  escapie  past  the  screen,  and  eventually  die. 
Construction  of  the  bag  begins  by  measuring  off 
screen  from  a  1  m-wide  roll  so  that  the  length 
is  equal  to  at  least  2  cm  longer  than  the  circum¬ 
ference  of  the  outer  edge  of  the  jar  lip  (Figure 
3a).  This  length  of  screen  must  be  oriented  so 
that  the  selvage  (i.e..  specially  woven  to  prevent 
unraveling)  edges  will  be  located  at  the  top  and 
bottom  of  the  bag  (Figure  3b).  The  cut  sides  of 
the  screen  are  sewn  together  (Figure  3c)  so  that 
a  cylinder  is  formed  with  the  selvage  edges  at  top 
and  bottom.  One  end  of  the  cylinder  is  then  sewn 
together,  forming  a  straight  seam  (Figure  3d). 
The  ends  of  the  seam  are  folded  toward  the  center 
(Figure  3e)  and  sewn  down  (Figure  30-  This  ex¬ 
pands  the  sealed  end  of  the  cylinder  into  a  rough¬ 
ly  rectangular,  flat  bottom.  The  next  step  is  to 
use  a  nail  to  spread  individual  meshes  of  the 
screen,  creating  an  even  number  of  holes  (ap¬ 
proximately  20)  around  the  open  end  of  the  cyl¬ 
inder,  1-2  cm  from  the  selvage  edge  (Figure  3g). 
A  nylon  drawstring  2.5  times  the  circumference 
of  the  bag  is  threaded  through  the  holes  so  that 
the  ends  of  the  string  protrude  toward  the  center 
of  the  bag  (Figure  3h).  To  install  the  cover,  the 
bag  is  inserted  into  the  jar  and  the  ojjen  end 
folded  over  the  lip  of  the  jar  (Figure  3i).  The 
drawstring  is  pulled  tight  and  knotted,  and  the 
ends  of  the  string  are  wrapped  around  the  lip  and 
knotted  tightly  to  make  a  secure  seal  between  the 
jar  and  the  bag. 

Testing  efficacy  of  the  covers 

A  series  of  tests  were  performed  to  establish 
that  properly  used  covers  prevented  mosquito 
development.  The  cap  and  flap  covers  were  eval¬ 
uated  in  a  village  environment  (Village  Two,  Hua 
Sam  Rong  Subdistrict,  Chachoengsao  Province) 
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Figure  1 .  Details  of  construction  of  the  cap  cover,  a,  distance  across  the  top  of  the  jar.  b,  diagonal  orientation 
of  the  cuts,  c,  strips  sewn  together  in  diagonal  joins,  d,  strip  with  a  length  equal  to  the  circumference  of  the 
screen  disk,  e,  elastic  cut  10  cm  longer  than  half  of  the  circumference  of  the  screen  disk,  f,  arrangement  of  the 
elastic  band  and  the  hem.  g,  excess  elastic  protruding  from  the  completed  hem.  h,  completed  cap  cover  across 
the  top  of  the  jar. 
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Figure  2.  Details  of  construction  of  the  flap  cover,  a,  hole  in  the  flap  cover,  b,  flap  cut  3  cm  greater  than 
the  diameter  of  the  hole,  c,  stitched  circumference  of  the  hole  to  prevent  unraveling,  d,  hemmed  flap  cover,  e, 
hinged  arrangement  of  the  flap  cover  over  the  hole. 


by  testing  of  four  covered  jars  in  two  houses  and 
four  uncovered  jars  in  two  other  houses.  Treat¬ 
ments  were  assigned  to  separate  houses  to  avoid 
the  possibility  that  open  jars  would  attract  ovi¬ 
positing  Ae.  aegypti  away  from  covered  jars.  At 
the  end  of  seven  days,  all  larvae  were  removed 
from  the  jars  with  a  fine-mesh  fish  net.  Aedes 
larvae  were  counted,  taken  to  the  laboratory, 
reared  to  fourth  instar  or  adult,  and  identified  to 
species.  Other  genera  of  mosquitoes  were  not 
identified  to  species.  In  four  trials  with  cap  cov¬ 
ers,  one  jar  was  covered  with  a  cap  cover  and 
the  other  jar  was  covered  with  a  commercial  alu¬ 
minum  lid.  The  flap  covers  were  tested  for  one 
week  with  a  bowl  on  the  flap  and  for  one  week 
with  an  aluminum  lid  over  the  cover.  Results 
were  analyzed  by  one-way  analysis  of  variance 
followed  by  Fisher’s  least  significant  difference 
test  to  distinguish  differences  between  means  (cap 


cover  tests)  or  by  unpaired  Student’s  t-tests  (flap 
cover  tests).’ 

The  bag  cover  was  tested  in  the  laboratory  to 
determine  what  proportion  of  larvae  would  be¬ 
come  trapped  in  the  space  between  the  bag  and 
the  wall  of  the  jar.  Fifty  newly  hatched  Ae.  ae¬ 
gypti  larvae  (eggs  collected  from  females  reared 
from  field-caught  larvae)  were  added  to  each  of 
seven  jars  with  bag  covers  held  at  ambient  tem¬ 
perature  (water  temperature  31-32.5°C).  Larvae 
in  each  jar  were  fed  0.1  g  of  ground  fish  food 
twice  during  the  six  days  of  development.  On  the 
sixth  day,  all  larvae  and  pupae  were  removed 
with  a  fish  net,  and  those  from  inside  the  bag 
were  counted  separately  from  those  between  the 
bag  and  the  wall  of  the  jar. 

To  determine  whether  adults  could  escape  from 
the  space  between  the  bag  and  the  water  jar,  a 
water  jar  with  the  bag  cover  installed  was  placed 
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Figure  3.  Details  of  construction  of  the  bag  cover,  a,  screen  used  to  construct  the  bag  cover  cut  to  a  length 
2  cm  greater  than  the  circumference  of  the  outer  edge  of  the  jar  lip.  b,  selvage  of  the  screen  at  the  top  and  bottom 
of  the  bag.  c,  cut  sides  of  the  screen  sewn  together  to  form  a  cylinder,  d,  one  end  of  the  cylinder  sewn  together 
to  form  a  straight  seam,  e,  ends  of  the  seam  folded  together  toward  the  center,  f,  ends  of  the  seam  sewn  together, 
g,  individual  holes  made  in  meshes  of  the  screen  with  a  nail  around  the  open  end  of  the  cylinder,  h,  nylon 
drawstring,  i,  completed  bag  inserted  over  the  lip  of  the  jar. 
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Table  1 

Comparison  of  numbers  o/  Aedes  aegypli  juveniles  found 
in  water  jars  with  cap  covers  or  commercial  alumi¬ 
num  lids 


Cover 

Total 
no.  of 
jars 

No.  (%) 
ofjars 
positive 

Mean  i  SI) 
no.  of  juve¬ 
niles;  jar 

None 

16 

16  (100) 

39  ±  51 

Aluminum  lid 

8 

5(62) 

6  ±  8* 

Cap  cover 

S 

0(0) 

0  ±  0* 

*  i'  <  0.05.  F  =  3.85  versus  no  cover. 


in  a  cage  (1  x  1.5  x  2  m  high)  in  a  room  at 
ambient  temperature  in  Bangkok  (water  tem¬ 
perature  29-3 1 .5°C).  Two  hundred  newly  hatched 
larvae  of  Ae.  aegypti  (collected  from  females 
reared  from  field-caught  larvae)  were  added  to 
the  jar  and  fed  0.1  g  of  ground  fish  food  three 
times  during  development.  The  cage  was  ex¬ 
amined  for  escaped  adults  for  four  days  after 
emergence  began. 

Experience  with  use  of  the  covers 

During  1 990,  the  three  covers  were  used  in  a 
community-based  dengue  control  program.  The 
covers  were  integrated  with  other  techniques  that 
also  only  required  local  materials.  These  other 
techniques  included  cleanup  of  waste  containers, 
biweekly  house-to-house  trash  pick-up,  placing 
salt  or  oil  in  water-filled  ant  traps  that  would 
otherwise  support  larval  development,  and  gup¬ 
py  fish  (Poecilia  reticulata)  in  large  containers. 

The  program  was  organized  through  the  Thai 
Ministry  of  Public  Health,  and  received  author¬ 
ity  through  the  provincial  center  and  active  co¬ 
operation  from  the  subdistrict-level  health  office. 
Some  3,000  covers  were  fabricated  by  10  local 
residents  who  were  trained  in  a  workshop.  Other 
residents  were  recruited  as  dengue  control  vol¬ 
unteers,  with  one  volunteer  for  every  10-20 
houses.  The  volunteers  were  trained  in  group 
sessions  and  given  the  role  of  inspecting  and 
counselling  households  every  2—4  weeks.  In  prac¬ 
tice,  the  volunteers  reinforced  the  program 
through  daily  contact  with  their  neighbors.  Al¬ 
though  data  from  this  pilot  program  are  still  be¬ 
ing  compiled,  we  provide  here  accounts  of  ex¬ 
perience  with  the  covers. 

RESULTS  AND  DISCUSSION 

Jars  covered  with  cap  covers  (Table  1 )  and  flap 
covers  (Table  2)  contained  no  mosquito  larvae 


Table  2 

Comparison  of  number  o/ Aedes  aegypti  larvae  in  water 
jars  either  with  flap  covers  or  uncovered 


Cover 

No.  (%)  of 
jars  with 
larvae 

Mean  t  SD  no 
of  larv  ae  jar 

Flap  with  bowl 

0(0) 

0  i  0 

None 

4 (100) 

25  ±  6* 

Flap  with  lid 

0(0) 

0  ±  0 

None 

4(100) 

46  ±  24t 

•  P  ■  0.01.;  =  8.15 
t/*'  0.01.;=  3  86. 


after  seven  days  of  exposure  in  the  field.  In  con¬ 
trast,  1 00%  of  the  uncovered  jars  exposed  at  the 
same  time  contained  larvae  of  ,4c.  aegypti.  37% 
(nine  jars)  contained  Culex  larvae,  and  4%  (one 
jar)  contained  Anopheles  larvae.  Although  five 
of  eight  jars  with  aluminum  lids  were  infested 
with  Ae.  aegypti,  the  number  of  larvae  was  re¬ 
duced  by  87%  compared  with  uncovered  jars 
(Table  1). 

In  laboratory  tests  of  the  bag  cover,  45%  of  the 
larvae  passed  through  the  bag  to  the  area  between 
the  bag  and  the  wall  of  the  jar  (Table  3).  In  a 
separate  test,  larvae  between  the  bag  and  the  wall 
of  the  jar  completed  development,  but  adults 
were  unable  to  escape  past  the  bag  during  a  four- 
day  period.  In  actual  use.  the  larvae  on  the  in¬ 
sides  of  the  bags  would  have  been  eliminated  by 
everting  the  bag  daily. 

Previous  publications  on  the  use  of  covers  to 
prevent  Aedes  infestation  mainly  consist  of  gen¬ 
eral  advocation  of  the  method.®  For  Thai  water 
jars,  various  public  health  leaflets  and  popular 
publications'*  have  suggested  the  use  of  com¬ 
mercial  aluminum  lids  or  plastic  sheet  tied  to  the 
jar  with  string.  Although  commercial  lids  are 
convenient  and  widely  used,  their  efficacy  is 
questionable.  A  larval  survey  in  Thailand  re- 
piorted  that  jars  with  such  covers  were  infested 
less  often  than  uncovered  jars;*”  however,  another 

Table  3 

Juvenile  stages  of  Aedes  aegypli  inside  and  outside  fi.e., 

between  bag  and  wall  of  water  jar)  seven  bag  covers 

following  six  days  of  development 


Stage 

Mean 

±  SD 

Percentage 

In  bag 

Outside 

bag 

In 

bag 

Outside 

bag 

Larva 

16  ±  6 

9  ±  4 

65 

35 

Pupa 

8  ±  3 

1 1  ±  4 

42 

58 

Total 

24  ±  4 

20  ±  4 

55 

45 
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survey"’  found  covered  jars  infested  more  often 
than  uncovered  jars  when  located  outdoors.  In 
the  laboratory,  only  about  20%  of  ovipositing 
Ae.  aegypti  were  found  to  be  able  to  enter  a  jar 
with  a  commercial  lid,"  corresponding  to  the 
reduction  in  number  of  larvae  in  jars  with  com¬ 
mercial  lids  tested  in  the  field  (Table  1 ). 

During  the  pilot  control  program,  residents 
were  able  to  use  the  three  types  of  covers  to  pre¬ 
vent  development  of  Ae.  aegypti  in  water  jars. 
Household  use  of  the  covers  revealed  several  un¬ 
anticipated  benefits.  The  blue  screen  was  con¬ 
venient  for  inspection  purposes  because  it  was 
very  easy  to  see  from  a  distance.  As  a  result, 
dengue  control  volunteers  going  about  their  daily 
business  had  a  good  idea  of  whether  a  household 
was  generally  compliant,  even  though  a  formal 
inspection  was  not  in  progress.  Also,  the  screen 
did  not  interfere  with  filling  jars  and  was  per¬ 
ceived  by  local  residents  as  allowing  healthy  air 
exchange. 

The  bag  cover  was  used  in  an  innovative  way 
by  some  residents  who  depressed  the  bag  to  a 
level  just  above  the  water.  This  allowed  access 
to  water  by  depressing  the  bag  only  slightly  fur¬ 
ther.  Withdrawing  the  bag  a  short  distance  took 
the  screen  out  of  contact  with  the  water,  avoiding 
the  necessity  of  reversing  the  bag  each  night. 

The  flap  cover  was  effective  when  used  prop¬ 
erly,  which  was  usually  the  case  in  an  individual 
home.  In  the  school,  where  many  children  used 
the  drinking  water  jars,  the  flap  was  often  pressed 
down  into  the  hole,  allowing  mosquitoes  access 
to  the  interior  of  the  jar.  Replacement  of  the  flap 
cover  with  some  other  device  may  be  necessary 
in  situations  where  people  are  not  careful  to  be 
sure  the  flap  remains  on  top  of  the  hole.  Possi- 
t'ilities  include  sealed  containers  with  taps  in 
public  places  or  a  metal  lid  with  a  foam  rubber 
ring  that  seals  the  lid  to  the  jar." 

Although  the  screen  covers  are  not  the  com¬ 
plete  solution  to  dengue  vector  control  in  Thai¬ 
land,  they  can  form  an  important  component  of 
community-based  programs.  Further  indication 
of  the  general  suitability  of  the  covers  was  ob¬ 
served  in  1 992,  when  screen  covers  similar  to 
those  described  here  were  observed  in  southern 
Thailand,  where  local  public  health  workers  who 
had  heard  of  preliminary  use  of  the  covers  had 
advocated  the  method  in  their  own  area  (Lin- 
thicum  K,  Armed  Forces  Research  Institute  of 
Medical  Sciences,  Bangkok,  Thailand,  unpub¬ 
lished  data).  With  some  modification,  screen 


covers  could  probably  be  an  effective  part  of  den¬ 
gue  vector  control  programs  in  other  parts  of  the 
world  where  water  is  intentionally  stored  in  open 
containers. 
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